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(54) METAL SINTERED COMPOSITE MATERIAL 

(57)Abstract: 

PURPOSE: To provide metal sintered composite material to 
prevent crack in rapid cooling. 

CONSTITUTION: The molten metal of aluminum alloy (AC8A) is 
impregnated/ solidified in porous part of a ferreous porous metal 
sintered body 1 having lattice structure, a metal sintered body 
composite material of piston, etc., consisting of a composite 
material part 2 and aluminum alloy part 3 is obtained. The thermal 
expansion coefficient difference at boundary between the 
composite material 2 and aluminum alloy part 3 is set to 5x10-6/° 
C. The porous sintered body is of laminated layer structure, 
provided with the layer having thermal expansion coefficient close 
to aluminum alloy part and the layer to form sliding face. 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiners decision of 
rejection] 

[Kind of final disposal of application other than the 
examiner's decision of rejection or application 
converted registration] 
[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiners decision of 
rejection] 

http://wwwl9.ipdl.ncipi.go.jp/PAl/result/detaiymain/wAAAY5a4GTDA408229663Pl 6/7/2005 




BEST AVAILABLE COPY 




(lS)B*m&ffft (JP) 02) Q H Jj^ ^ (A) (H)tSHFtfJK^98## 

^¥8 -229663 

(43)&BHB 8 ^(1996)9^108 

(si)inta e mmn ffnwm^ fi sw^asw 

B 2 2 D 19/00 B 2 2 D 19/00 V 

C2 2C 1/10 C2 2C 1/10 G 





m#m<D&2 ol 




(21)ffiB## «H¥7 -37381 


(71) UIHA 


000003207 












(22)tfi«B ¥f£74p(1995) 2£24B 




swwaBTffha^nrisffl 






(72)«W# 


WW «9! 










ha^a«i 












(72) §mm 


sag * 








asHfcftfflTtrha^iStt 


harass 






















SfcMRBHitrha^trrisai 


ha*e» 












(74)ftSA 







(54) i&wvzm &mmmmLiztt& 

(57) [KM] 

man #*mm&h<>mx<D0>KK&mmi&ft 1 

flJB#fc7Vi'^& (AC 8 A) 0m*ffijE«Rt&K: 

t^s, has*** zti\c£Qm&mm2 tr^s* 




3 : rji>i<£&m 



-1- 



mm&ttwm t&m&m&$m t <o$m\z. &^x m^<n 

[00 0 1] 
[0 0 0 2] 

[ftX^fiff] «5H¥3 - 1 8 9 0 6 3 
3-1 8 9 0 6 4*jr&mzn* £«»3fc«r*tt Lfc#?L 

[0 0 0 3] £fc±iB^«fc:<fc*itf, iBfc^WfHB* 

[0 0 0 4] 

#?LS^«*3Bf«cSr«lfifi;'r5^»i: tT, &ft« #14 
[00 0 5] *»Wtt±BUfc*«lcM*ftSJxfct>© 



[0 0 0 6] 

<D&mz&\<^xm&<nfm&&(om* 5 x 1 o-vnca 
[0007] n**2\z*fittttim&tmt** m 

/■ ^ — ft-r £ #ic nus jar 5 mumamwrn 

[0 0 0 8] 

5x1 o-VfcfiTF* SftTV^*. ^-ofcfeaLftiaa* 

[ooo9] mtiK»to&#'i*z^itibs ft»«k3ffitc# 

mtnb<Dfgm&&<o&*'b2 < -rz>&&wm&#m 
b, mmm*»tt&mmmimiiMb>km*.x#Qs 

[ooio] *<oti$>mj&i%2\z±titf: y m&wnnb 
m&m&#&b<D$m&m<Dm&/b£< ucjra&tot* 

So 

[0011] 

^*t3H-a 2 -i: , te&mfmm b lt©r;v^&» 3 



-2- 



[0 0 12] r/^$^953tt, 2 «rtt«i" 

o-CfcSo 1 «t5Wi tt 

«H&^»*, (MiffSKD^ SK 

H3R*) 

[0 0 13] #jaB«-eWt«tta©«lc, «?L«»«rt>o 

a v \ i <o%im&\£ r * s 

[0014] #*»»tt-«ttlcJWB«*as 11X10 

««t*l 6 5%*Lfc»&iaJu r 

( J I S AC 8 A, : 2 0 X 1 0 -6 

■rat* znm&wnn 2 nmm&*txm*mttib 1 

4xio"V < Ct/j:5, ffiotS^^2i:r;v5t 
A«3 to«l»3S*o2Stt, S*»ictt6 x 1 0" 6 A 
(=2 0X10 _6 /t-14X10" 6 /t) * 

[0 0 15] fc*$*W«i:Ht, *#tm»2(^{«ir«rV 
1 U 2 o 5 t»MLff*RIHtimVd«ti5 

*5#a^V2i:tfcit, { (V2/V1) xio 
0} %Oic*"CfoS< ) r©«fc«*(D#?LKAJR«Sfifl: 
1 £/b v ^c^wra 2 OfB«3S* tT/^; 3 tf> 

[0 0 16] #*5_b1BLfc7Vl^'&& ( J I S AC 8 
A) tt, J I S»*&±* Sfi%"CS i 3ft* 1 1. 0-1 
3. 0%, Mg**0. 7 — 1. 3%, CuiJSO. 8 — 
1. 3%, NisJSl. 0 — 2. 5%, Fed*0. 8 

S 3 0 4<0^a»5fc^m»UX3SfelgUfc»^«5t^t>0 



2 ic #?LK^WHrtt 1 (Dftmmte 7 0 %t?*> 

[0017] c (D&mm&im&ttftzmjJti ut * 

ftStt^b^d^ofco SUS304fi(O# 
?LK*«j|tt»fl:HcrA' 5 

Lfc»&*tt«B 2 12, RUKHW^ttKttM 18X1 
M» («*»fctt2 0 x l o'Vt) fcifi<, |Sj#<a 

[ooi8] ±«ftw«>*, #««^»»icov^riBW 

^3©ffclBggs*i:<o»£r5x l O^/^T^-Tn 
i:i ixi o^/taSTfcD, r/w^*o*MBas|sfc 

[0019] *r-e«M!#Hu l*tffl«2©Hr 
*s 3 K«HMMrr*&****« 

5-&AB3 tojR*K*©36*5 x l o-V'tETF** 
£< U E.o, «^»A20 9t>SKiS«:»Ard« 

5x l o-V^Srjtt^Sd^Utt^v^s, fg 

[0020] ro«/j:4^^^fc^JRjS^(«g^W3|s|- 

•etio ro0HSrigi2^-f o 0 2jc^i-«ic 

-e*> •? , Moi «r««i-s ^ ttoi 

Lt<Dl3S4 3 t. miM4 1, ^3@4 3{C«* 
ttfcSlbfi!|jSI^ISfleSt Lt^i2i4 2 i:^{i^TV> 
So m?f 114 1, $414 3(dT/P^^Sr^a 

[0021] 1214 2JcT^^^Sr-&S@fk$ii:fc 

B2®4 2ji, a»49tt {-&mzt*mmm&. 



-3- 



#tt*Xtfl»tt»G>ttK) 3^»1JB4 1, S3I43J: 

<Wlkfll l >^ l «*»««!-e«v^«»»*«r^-r. 
^ i tr^-r©* a nmf&&M&&ffl-?$> s s k d 6 1 s 

S»5R : 2 0 - 1 8 0 /x m, tKT Xfe) . 

»3fcbl*:*— ^ft>f hS^VU^WCfcasUS 3 

0 4ft^t : 2 0-1 8 0/im, zkT hWX 

*) . »*c wt^^vaia* mm 2 0- 1 8 0 n 

«=F-»5lc"C*>5A7>r ht&5fc 0K« : 1 0 — 4 5/im,& 

[0 0 2 2] *2tt*^MTlGkLfcmMi-A, B. 
C£^-f 0 * 2 KIUtAlcJ:ix 
ftfc *7LS^S3Kte*4W:«r^<0«{c*l®4 1 &*2 
S4 2£S3*4 3t<3«S1il£SnT^So ftlj|4 

1 6 0 %\C®fe£tlX& V , »5fcb "<•#/* S 

Jvcv^S. SS2J14 2liMW6 0%fcKjeS;lvC*5 

[0 0 2 3] «2j5>&»»T»*S8Hi:, ^Bl:<ttl 
tf, KIUtA^m*lC#?LK*«tttt«4ttJRlJ|4 1 
t!2l42i:l3l4 3*©«JB*5t*;h,TV**. f£ 
114 ltt1H9MW6 0%tCR£3*VC*$!U fHMU 

bt"C»SS*irv^, ft*, f&^a^M^4 0%i: 

*ai-«fc», mi® 4 i\c&zm&#&n&<Dftmi: 

[0024] $214 2l4fl:a*dS6 0%lCR5e**lT 
*59, ^atM$tltV^ 0 Jg3;§4 3|*ff!l/§4 

1 tK*»lJl|?II*-C*>»), #«*&*6 0%KlRje<5ft-C 
*3 *9 . M^4 0%l^t5S^at, ^$2 0% 

WRtfCfctUf* #?LS^JS«S3e#ttliB-C 

[0 0 2 5] *rLT, *HC^UyS£<D&JR»*«rffl 

fee Rfc, 30mmX40mm^$(D^^T^ 

0, JEESMfc (3 OmmX 4 OmrnXf^f 1 Omm) 

[00 2 6] ft*5ttftfflA, KRflB|Cfll& 3 /g#5i<Z> 
flE»#tt, 4:S©^t IT^-f KlllBJtA*l»*feUtA bX 

JB3JiOffS&*Jh,«x2mm, $2|Of^6mm 
Tf««A-»»«ClC«*JE^«fflJ«Sfflcr-t 



n^«a*Lfco fiP^. Kaa«im7oot-e3o 

ll00t-C3 O^HtttlrU KTtt^WJS&fco**- 
h >1fcoMKflA-mMClcff«»?LKA«flKttff 

[0027] jK«SLfc«r±. i o onc/»o»aija*t 

ft5<fc 5 lcaE»^^-e«-#?LK^JS«^«:Sr»fi|?&ai L 
?LK^JMffo»ftB8Jbftir«r#«Ufcd»6T«>*. 
*L<ftv\ #?LK^«^#o«l?LAffK:^^ra» 

[0 0 2 8] f«MAM*RMCfc:«S#?Ljr£ 
m^^?r, *tt^n2 0 0t:Ki3^T*:«#H«t?3 

OtcDTA-^^: (J I S AC 8 A) <DfSW/^^^r ^ 
*YtC&t\ E*>tt: 1 0 OMP a^>iPJE*"C*PJEbfc. - 

rj if ^S-^b Lt^I^iM^W (0100X5 
Omm) *sjMt£*l* 0 w*u«rAai*»ba9aUfc. r 

[0029] znmc \sx$m vti^mmmtm^un 

X2 2 01CX 3l*IWO*#^iB!ia«»Uri»a«!»«r* 
l&L*: (ASTM:T7M) . £ O«pa*0f3S^ J; 0« 

[0 0 3 0] rcO^iC UX»btt^JR«fett(«i^fl-» 

*«**«W2^«H^ftJ:5te^fc«l(fb*: 0 

it* -to»S*Sr«2lci3V^Ox"C^bfc. *2d*?>a 

«flC4^^$ttTV>-5^«>t*A|C*5V>Ttt. 

[0031] * it=®m&mm<D&iL$i&mm£ft 4 ^ 



-4- 



mm 2 <D&m t n cus<nm l m&m?m#K*:j&f& u 
*<D%mmm*mfcL,iZo mmzy/v*&&n3 kmc 

[0 0 3 2] *2^6>a»-C#5*«c:, KKUi-AfcWt 

i84i % m-&tt$m&nm&m&& is. 4 x i 

0- 6 /t;-el)5o SKD6 1ffi^S*l:iMi:t5S2 
142 lC«5*-&»»»»ttSW»»*^ 14. 5X10 
-V^C-CifcSo ^3»4 3^*a^3|sKf5»HcfBlJi 
4 10»*&ra4RlCinVWtt s l 8 . 4X10" 6 AT 

[0 0 3 3] *2^e>3ffi»-CtS«lC, f^^BJCtiX 

S1S41 K1«6*^»«»»IIU»*^ 1 5 . 
4X10" 6 /mi »2*4 2K«S«^*ttWM> 
liW5IWi4. 5X10" 6 /t-Cfc^ $314 3 

K^mttmm»famtw is. 4xi o- 6 a 

-e$>ofc 0 SKD6 lSaa^^SrSWirl-SKIjyi- 



Cti\ KUlg!B4*as 14. 5X1 O-V^-C&ofco 
[0 0 3 4] W3fibfc«|c:f«>i-C(c*5^rft«^5i^ 

»e*m» 2^7;^; 3 1 <D$mm^ 

<D&&5. 5X10" 6 /t (=2 0. 0X10"^-1 
4. 5X1 0" 6 ) fc**< % *»«P(C*5V^T"frA/Wf**5 

So £fcf*ifctf AK^fttf, «&tt»ffi2 0>ffiJH4 l 

k« i3i4i k« * 
r /V ^ 3 1 (Dmmm^<om^ i . 6 x i o _fl /t 

(=20. 0X10" 6 -18. 4X10" 6 ) "CfcSo 3= 
1tV&iKB\z£iltZ. 4. BxiO'Vt (=20. 0 
xio _6 -l5. 4xio" 6 ) bfritttiMbV* SR^ 
3S*<ol6dS5. oxi o^/TC^T , C&Sfc«>. #®K 

[0 0 3 5] K J:(0«*&»^*ltf . 2 £ 

T/w^^^5 3 b<o%m&m*5 x i o^/nc^T-cfo 

[0 0 3 6] 
[*1] 











a 


SXD61 ffl^ 


Fe-0. 2C-1SI-0. 4Mn-5Cr-l. 3Mo-lV 




b 


SUS304*gy§ 


Fe-0. 02C-0. 9C-0. 2Mn-10. 5Nl-19Cr 




c 




Fe-0. 7(H). 35Si-17Mn 




d 




76Al,0a-24Si0a 





-5- 







*W«Wf52 


mi* ATWOSp^ 




M 






A 


sm 


1 


6 0 b 


18.4X10T 8 






2 


6 0 a 


14.5XHT' 


O 






3 


6 0 b 


18.4XKT fl 




B 


mm 


1 


40a+20b 


15.4XKT 6 






2 


6 0 a 


14.5X10r fl 


O 






3 


40a+20b 


15.4X10^ 




c 


if 


1 


6 0 a 


14.5XKT 8 


X 






20.0X10T* 





?LK4tJ&J£*S#5 (^i9 2mm, ^7 2mm, ^£ 
7mm) Sr»*bfeo ^oy y^^#?LfM^ 

wt, ftwvmzm&Tzmtwmmftm t vx<om 1 ® 
S3I53 {zm^tiitfswMmm^m t ur 2 m 5 

2 (I^5mm) fc-07&S£*vT^£o 

[0 0 3 8] * 3 f*«Ui*Dfc:j;n 

tf, f&lJi5 1 ni$m^6 0%lCRS**XT:fc9. # 
8fS£3 0%Kttl5-t-S»*a #f«3 0%fc«Mtt- 

fc«att^Wtt»#ar l 0 0*H»%* Lft: 
*©5*>»*a^b*S«JB#»^ s 3 0%i6a6 
SfcV*3*«n?ifc3. S2i5 2|j:*g« 5 6 3%« 
«*tuT*5 9, #aff6 0%^ffiSi-S»*a 3% 
IC«'Si--5»*dt"C««*nTV^. S&3j§5 3i*® 
If 5 1 t**WJC|SI«-C*>iJ, 0%\ZK& 

tstix&v* ftms o%tcta^i-5*a^a 

[0 0 3 9] f2®5 2^2^bl»"C#Sii:, S 
KD6 y^^SEWtf 

(Hvl 4 00-1 500-1 6 00l 
ft) i:O^^T^$tLTV>S^«> % IMM«i£* & 
ft, ^H5lMl3l53i?) 



&ft*3 o otx3 o^^ft-e^u^m, tr^h^ 
gic^jfc-rsKiagu ttr 7 6 o°c<DTfr^&& 

(J I S AC 8 A) ^10 0MP atfX&n 

« jfcfc**tt»» 2h : a*&mm 2 r 
[0040] jhiasa&^D $nfc*-&ws« 2 1 

»W:«UWSW 16. 7X1 0- 6 /tTfc 9, Sfl 2 /i 5 
2 14. lxio" 6 / 

^■efc o , $3153 m« sa^«-»»»w:«yi»3R**s 

16. 7X1 0"*VC-C*>ofc o 

[0 0 4 1] lot, 1115 1M$3153(^ 

oUtt, h^7<D4*«#iRjo*&*HJx l^fRj (E 

5#J&) l£*3V^ (2 0. OXIO^A) - (1 
6. 7X10" 6 /t) =3. 3XlO -6 /tt^^ ^ 



«r«*BlIIUtyy/i5 5*»*tfc. !)^i5 5 

h^y >-^<?r h y^y >-^£j®®rr3^i&® 

[0 0 4 2] C<Z>«*Wk«DlC^3V^fc, IfrfrttMB 



V7 0fflffl«fB7 0K\&*4 *\^<Ol$nm&*kttrthflZ> 
(D-C, t"^ h ^ 7 CO^pgB 7 0 «rKSrt*3rtffi 7 0 i n 

sjxsyv^st, 7 6«^>f^y v^sai y> 

^StSr^-Tp ^^7 5, 7 6tef* h^7^a:^o 

[0 0 4 3] 
[1*3] 



@5 3<ort^il!li:^ta:ufc*85!:®5 9^ 1115 1 
■*HB3JI5 3 fcisw©»f-e»*Lrt)j|v\ rco^ 

let*, SMS 90|R»3S^«r^ hV7©7^^^ 
[0044] JEfcB 4 lc^r#?LKAJajft3B* 5 

5 1, S2152, »3»5 3*r«»»*i:U -*UC 

^CT2i, 4®, 5Ji*"Ct>AV\ 

4, 5te, g»©{C*5^SW 

^nfy^-^a-CHv 2 0 0 — 8 0 OtSCtS: 

[0045] ffi^mff^iSv^»& (« 

X.(f2 5 0-3 0 0t) «<D«Kj»L^Sa«T^«tf£ 









mm 


m 






D 




i 


3 0 a + 3 Oc 


16.7XKT 6 






2 


60a+3d 


14.1X10T 8 






3 


3 0 a+ 3 0 c 


16.7Xl(T e 



[0046] ::thv 2 o o^-c»i, &nn&m8t 

«-»«2<D«BttttdsfiT-*-5. ^^nw^mfm# 

^IScO±RBflII^^I^7 5 0, 7 0 0, 6 5 
0. 6 0 OtC-CtN 0!g<DTP£ffite#l;itf2 5 0. 3 0 
0, 3 5 Old-CtSo 

[0 0 4 7] C^/^^Ift^4 , 5 «r«rti" 
S*J5U»*tUXtt, «T»UfcSKD*, SKH^ F 

oate*»« 2 \z s #*L»&jssygtt: 4 , 5 
[0 048] t£&&mmt£ft&&&n<om&mzj& c 

8 0%, 7 5%, 7 #%R&<DTVEtfg.tt5 0 

%, 5 5%lCt?^-5o 

0±1BLfc#?LK*JRj*»»4, 5tf>rt£& Jf lb 

«H*^K»Six5»»K«r** , r5«2JB4 2, 5 2) 



-7- 



aWB^tt^^ntTy*— ^ig«"CH v 2 0 0 O^T 
Ofc<02S#£LV\ Hv2000S:it5i:, 

2 o o o^T<£t><£-efc*ttf, ^ixcoms«fiJxe>tt 

So 

[oo49] ms&^&wtmvm&^imft 1 9 

0 0. 1 800, 1 7 0 O^iCC^, EE&cDTMtte4 
0 0, 5 0 0, 6 0 0^tC-C#5 o w^/iSE^fi 
LTfcUifaUrtiA^ htt^Otefc:, FeCrSf (H 
v 1 7 0 0M) , F eMoft^P (Hv 1400@ 
&) , FeCrCSf (Hv8 00tS) SrSfflTS 

So 

[0050] 4*3«im^o¥*ttawtafiaiiR"c t s 
So avm^7«mi&»xisK^*«^. 0. 5 

- 1 5 n mgg, millet So 

2, 5 2&7#j*-rsi&js»5fc£ uris, mfi%Tcd5 

0. 1—8%, Cr^8. 0%~70. 0%5r£tft><£> 

*rWB-e#S. £JR»*fcucr*, lt%rc^o. 1 

— 3%, Cr^2. 0%-20. 0%, Mo, V, W, 
Co<o^/j;< <bt> l«aso. 3-3 0%4r^tPt>©*:» 
ffi-C^So 

[0 0 5 1] «;ltfJ:lBLfcSKD6 

i3SKDiioi*Mit fifi%-ecasi. 5%, s 

itfSO. 4%, Mn^O, 4%, C r 1 2 %, M o 2* 

1%, vt*o. 8%-x?feSo notfSffl-e&fttf, 



<, AP*>#?LJtAJR*lKr*4, 5 0>R£tt:H v 2 0 0 - 

[0 0 5 2] (W-IE) ±ELfcj|lS«d*e>»c<oa«W«l 
Si&ieg-ctSo 

#m <om* < r**- s sb#js 2 ici^oajhrih* 

[BBOflVftRH] 

[Eli] tMmatr/u^Mti-cNStfcMioi 
ffiEI-CfcSo 

IB 2] tdtWtoa^MAtSMIAIIti 
#<D#«IB"CifcSo 

[13] s^j|sfffl^ryw^^ifB-e«aLfc«ffi<D»f 

©B-CfcSo 

[14] «^fW^W»rt:i«t$#?LllMKII 
^co^E-CfeSo 

[15] S^m^ltfc^ b><a»$HtfBB"C*> 

So 

[B6] «©»ttk:«eiB-fr»»««:«*.*:b , ^h^o 
»»»fffiB"e*>So 
[W^0>RW] 

B*. 2 3ll7;w?^S (g^IW 

m > 4&T/5tt*MI&«««#, 4lM5 1(j:i 
1JS (WMfetHKB) . 4 2W5 2li»2i (fIS& 

««ie#B) > 4 3&tf53teS&3j§ 

B) , 7tttr* h^sr^-r. 



in 



[12] 



[13] 





1 : $?lff4j3gjfttt 

2 : 

3 : 



[B6] 




^1 



[(24] 





-8- 



[05] 




-9- 



JP,08-229663,A [CLAIMS] 



Page 1 of 1 



* NOTICES * 




JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 
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3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Metal sintered compact composite material characterized by having consisted of the composite- 
material section which sank in and solidified into the pore part of a porosity metal sintered compact, and formed 
the light metal in it, and the light metal and the light metal base material section of this quality of the material 
which constitute this composite-material section while covering this composite-material section, and making the 
difference of both coefficient of thermal expansion into less than [ 5xl0-6/degree C ] in the interface of this 
composite-material section and this light metal base material section. 

[Claim 2] It is a metal sintered compact composite material according to claim 1 which the porosity metal 
sintered compact which it sinks in, and a light metal is solidified and constitutes the composite-material section 
is equipped with the base material side sintered compact layer which makes small the difference of coefficient 
of thermal expansion with the light metal base material section, and the sliding side sintered compact layer 
which forms a sliding surface while making this base material side sintered compact layer and one, and is 
characterized by this sliding side sintered compact layer excelling this base material side sintered compact layer 
in the sliding property. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to metal sintered compact composite material. The metal sintered 
compact composite material concerning this invention is applicable to a slide member, the field which 
specifically forms the piston ring groove of an internal combustion engine's piston. 
[0002] 

[Description of the Prior Art] The porosity metal sintered compact which sintered metal powder is used for 
JP,3-189063,A and JP,3- 189064, A, and the technique about metal sintered compact composite material with the 
composite-material section which it sank [ section ] into the pore part of a porosity metal sintered compact, and 
made it solidify light metals, such as an aluminum system and a magnesium system, is proposed. 
[0003] Moreover, according to the above-mentioned official report, the wrap technique is also indicated in the 
composite-material section in the light metal base material section of a light metal and this quality of the 
material which constitutes the above-mentioned composite-material section. 
[0004] 

[Problem(s) to be Solved by the Invention] in case the temperature of the above-mentioned metal sintered 
compact composite material is changed rapidly, for example, in case quenching processing of the metal sintered 
compact composite material immediately after heating to an elevated-temperature field is carried out, it is alike 
occasionally that a crack occurs in the interface of the composite-material section and the light metal base 
material section, and it is done. In case the temperature of metal sintered compact composite material is rapidly 
changed as a raw material with which a light metal constitutes the porosity metal sintered compact with which it 
sinks in when the sintered compact of an iron system is used although an iron system is chosen from 
viewpoints, such as properties, such as reinforcement, an elastic modulus, and abrasion resistance, and cost, in 
many cases, in the interface of the light metal base material section and the composite-material section, it is 
easy to generate a crack. 

[0005] This invention is made in view of the above-mentioned actual condition, and by specifying the 
difference of both coefficient of thermal expansion, like quenching processings, such as quenching, the 
technical problem of claim 1 is to offer a metal sintered compact composite material advantageous to 
suppressing the crack in the interface of the composite-material section and the light metal base material 
section, when a temperature change is rapid. It is to offer the metal sintered compact composite material the 
composite-material section was made further suitable [ composite material ] as a slide member, the technical 
problem of claim 2 specifying the difference of coefficient of thermal expansion small, and securing crack- 
proof nature by making into a laminated structure the porosity metal sintered compact which it adds to the 
above-mentioned technical problem, and it sinks in, and a light metal is solidified, and constitutes the 
composite-material section. 
[0006] 

[Means for Solving the Problem] The metal sintered compact composite material concerning claim 1 consists of 
the composite-material section which sank in and solidified into the pore part of a porosity metal sintered 
compact, and formed the light metal in it, and the light metal and the light metal base material section of this 
quality of the material which constitute this composite-material section while covering the composite-material 
section, and is characterized by making the difference of both coefficient of thermal expansion into less than 
[ 5xlO-6/degree C ] in the interface of the composite-material section and the light metal base material section. 
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[0007] The porosity metal sintered compact which the metal sintered compact composite material concerning 
claim 2 is set to claim 1, it sinks in, and a light metal is solidified, and constitutes the composite-material 
section It has the base material side sintered compact layer which makes small the difference of coefficient of 
thermal expansion with the light metal base material section, and the sliding side sintered compact layer which 
forms a sliding surface while making a base material side sintered compact layer and one, and a sliding side 
sintered compact layer is characterized by the sliding property being superior to a base material side sintered 
compact layer. 
[0008] 

[Function and Effect(s) of the Invention] According to claim 1, in the interface of the composite-material 
section and the light metal base material section, the difference of both coefficient of thermal expansion is made 
into less than [ 5xl0-6/degree C ]. Therefore, even if temperature changes rapidly like quenching processing, 
crack control nature can be raised in the interface of the composite-material section and the light metal base 
material section. 

[0009] Since the difference of coefficient of thermal expansion is small, it guesses for the degree of generating 
of the shearing force resulting from the heat shrink generated with quenching processing to decrease. Therefore, 
according to the metal sintered compact composite material concerning this invention, the crack-proof nature in 
both interface increases, and is advantageous to endurance or reinforcement. According to claim 2, the porosity 
metal sintered compact which constitutes the composite-material section is equipped with the base material side 
sintered compact layer which makes small the difference of coefficient of thermal expansion with the light 
metal base material section, and the sliding side sintered compact layer which forms a sliding surface, and, so to 
speak, let it be a laminated structure. And the sliding side sintered compact layer which forms a sliding surface 
excels the base material side sintered compact layer in the sliding property. 

[0010] Therefore, making small the difference of the coefficient of thermal expansion of the composite-material 
section and the light metal base material section, and securing the crack-proof nature in an interface according 
to claim 2, it is advantageous to securing the sliding properties (for example, abrasion resistance, reinforcement, 
an elastic modulus, toughness, etc.) in a sliding surface, and advantageous to the endurance and reinforcement 
of a sliding surface. 
[0011] 

[Example] The example of this invention is explained with the circumstances which result in an example. 
Drawing 1 shows typically the cross section of the metal sintered compact composite material concerning this 
example. Metal sintered compact composite material is formed in the composite-material section 2 and the 
aluminum containing alloy section 3 as the light metal base material section. Using the porosity metal sintered 
compact 1 of the shape of a skeleton equipped with grids structure with a pore part, the composite-material 
section 2 sinks in and solidifies the molten metal of the aluminum containing alloy as a light metal to this, and 
is formed in it. 

[0012] The aluminum containing alloy section 3 is formed by the aluminum containing alloy which constitutes 
the composite-material section 2, and the aluminum containing alloy of this quality of the material while it 
covers the composite-material section 2. The porosity metal sintered compact 1 constitutes the reinforcement 
which strengthen the aluminum containing alloy of the composite-material section 2. As an ingredient which 
constitutes the porosity metal sintered compact 1, it is desirable to choose an iron system ingredient from a 
property, costs, etc., such as the reinforcement, an elastic modulus, and abrasion resistance. Therefore, iron 
system powder can be sintered and constituted. As iron system powder, carbon steel powder, cast iron system 
powder, alloy steel powder (for example, a SKD system, a SKH system, etc.), etc. are employable. 
[0013] In this example, infiltrate the pore part of the porosity metal sintered compact 1 with a high pressure 
casting process, it is made to solidify using the porosity metal sintered compact 1 of the shape of a skeleton 
equipped with grids structure with a pore part as mentioned above, and the molten metal of an aluminum 
containing alloy is compound-ized in one. This manufactures metal sintered compact composite material. Thus, 
solution-ized -> quenching -> aging treatment is carried out in order to the manufactured metal sintered 
compact composite material. In this case, in the interface of the composite-material section 2 and the aluminum 
containing alloy section 3, it is easy to generate a crack at the time of quenching. 

[0014] Generally the coefficient of thermal expansion of an iron system ingredient is about llxlO-6/degree C. if 
it sinks in, the molten metal of an aluminum containing alloy (JIS AC8A, coefficient-of-thermal- 
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expansion :20xl0-6/degree C) IKblidified and the composite-material se^ron 2 is formed, when the rate of the 
volume which the porosity metal sintered compact 1 of an iron system occupies among the composite-material 
sections 2 is made into 65% — the coefficient of thermal expansion of the composite-material section 2 -- 
fundamental — about — it becomes 14xl0-6/degree C. Therefore, fundamentally, the difference of the 
coefficient of thermal expansion of the composite-material section 2 and the aluminum containing alloy section 
3 becomes 6xl0-6/degree C (=20xlO-6/degree-C-14xlO-6/degree C), and becomes large. 
[0015] In addition, the rate of the volume means {(V2/V1) xlOO} %, when the volume of the composite- 
material section 2 is set to VI and the volume which a porosity metal sintered compact part occupies among the 
composite-material sections 2 is set to V2. Thus, since the difference of the coefficient of thermal expansion of 
the composite-material section 2 using the porosity metal sintered compact 1 of an iron system and the 
coefficient of thermal expansion of the aluminum containing alloy section 3 is large, in quenching processing of 
quenching etc., by the rapid temperature change, in the interface of the composite-material section 2 and the 
aluminum containing alloy section 3, shearing force works rapidly, and it is imagined as what a crack becomes 
easy to generate. 

[0016] in addition, the above-mentioned aluminum containing alloy (JIS AC8A) — JIS top and weight % Si — 
Fe is specified and Zn is specified [ Mg / Cu ] for nickel as 0.1% or less 0.8% or less 1.0 to 2.5% 0.8 to 1.3% 
0.7 to 1.3% 11.0 to 13.0%. The porosity metal sintered compact 1 of the shape of a skeleton with the grids 
structure which carried out powder compacting of the metal powder of SUS304 which is austenitic stainless 
steel, and sintered it as other gestalten on the other hand was used, and sank into the pore part of the porosity 
metal sintered compact 1, it was made to solidify the molten metal of an aluminum containing alloy, it 
compound-ized, and a metal sintered compact composite material equipped with the composite-material section 
2 and the aluminum containing alloy section 3 was formed. The rate of die volume of the porosity metal 
sintered compact 1 occupied in this composite-material section 2 is 70%. 

[0017] When this metal sintered compact composite material was quenched, the crack was not generated in the 
interface of the composite-material section 2 and the aluminum containing alloy section 3. In this case, the 
coefficient of thermal expansion of the composite-material section 2 which sank into the porosity metal sintered 
compact 1 made from SUS304, it was made to solidify an aluminum containing alloy, and was formed is 
abbreviation 18xl0-6/degree C fundamentally. Therefore, since coefficient of thermal expansion becomes small 
at the coefficient of thermal expansion (fundamentally 20x10- 6/degree C) of the aluminum containing alloy 
section 3, therefore so big shearing force does not arise in an interface in the case of quenching processing, the 
difference of the coefficient of thermal expansion of near and both is imagined to be what a crack did not 
generate. 

[0018] After the above-mentioned examination, as a result of carrying out examination same about various 
composite material, it turned out that the crack suppression effectiveness becomes high in the interface of the 
composite-material section 2 and the aluminum containing alloy section 3 at the time of quenching processing 
of less than [ 5xl0-6/degree C ], then quenching, etc., and a crack does not generate the difference of the 
coefficient of thermal expansion of the composite-material section 2, and the coefficient of thermal expansion 
of the aluminum containing alloy section 3. By the way, generally an iron system ingredient has a coefficient of 
thermal expansion quite smaller than an aluminum system, it is about llxlO-6/degree C as mentioned above, 
and the difference with the coefficient of thermal expansion of an aluminum system is large. The iron system 
ingredient with a high coefficient of thermal expansion, i.e., the coefficient of thermal expansion near the 
aluminum containing alloy section 3, is restricted to austenitic stainless steel, manganese steel, etc. However, it 
is disadvantageous to manufacture the metal sintered compact composite material equipped with the 
outstanding sliding property only with ingredients, such as such austenitic stainless steel and manganese steel. 
[0019] Then, the field where the degree to which this invention person contacts the aluminum containing alloy 
section 3 directly among the composite-material sections 2 is big The field which makes small the difference of 
coefficient of thermal expansion with the aluminum containing alloy section 3 with less than [ 5xl0-6/degree 
C ], and forms a sliding surface among the composite-material sections 2 Its attention was paid to the ingredient 
excellent in the sliding property, then the good thing, although 5xl0-6/degree C may be exceeded although the 
difference of coefficient of thermal expansion with the aluminum containing alloy section 3 is large that is,. 
[0020] The porosity metal sintered compact of multilayer structure is used for a metal sintered compact 
composite material equipped with such a property, and it can realize it by sinking into this, making it solidify 
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the molten metal of an alumimmcontaining alloy, and forming. This ex^^le is shown in drawing 2 . As 
shown in drawing 2 , the porosity metal sintered compact 4 with which an aluminum containing alloy sinks in is 
the laminated structure of three layers, and is equipped with 42 [ layer / 3rd / layer / 1st / layer / 2nd ] with 43 as 
41 and a sliding side sintered compact layer pinched by 43 the 3rd layer as a base material side sintered compact 
layer which constitutes the 1st layer of an outside layer as well as 41 as a base material side sintered compact 
layer which constitutes an outside layer. The 1st layer, the 4th layer, the coefficient of thermal expansion of 41 
and the composite-material part which made 43 carry out sinking-in solidification of the aluminum containing 
alloy sets up small a difference with the coefficient of thermal expansion of the aluminum containing alloy 
section 3, that is, sets it as less than [ 5xl0-6/degree C ] here. 

[0021] The composite-material part which carried out sinking-in solidification of the aluminum containing alloy 
forms the 2nd layer of a sliding surface in 42. Therefore, for 42, a sliding property (generally properties, such as 
abrasion resistance, reinforcement, an elastic modulus, and toughness) is 41 and ****** set up as the 3rd layer 
is superior to 43 the 1st layer the 2nd layer. 
(Example of a trial) 

The <example 1 of trial> table 1 shows the sample offering powder used in the example of an exam. The 61 
about SKD powder (particle size: 20-180 micrometers, the water atomizing method) whose powder a shown in 
Table 1 is heat-resistant system high alloy steel, the 304 about SUS powder (particle size: 20-180 micrometers, 
the water atomizing method) whose powder b is austenitic stainless steel, and Powder c are manganese steel 
powder (particle size: 20-180 micrometers, the water atomizing method) and mullite powder (particle size: 10- 
45 micrometers, the grinding method) whose powder d is ceramic system hard particle powder. 
[0022] Table 2 shows the test pieces A, B, and C manufactured in the example of an exam. According to the test 
piece A, the laminated structure of the 1st layer of the 2nd layer of the 3rd layer of the porosity metal sintered 
compact 4 is carried out [ 41 ] to 43 with 42 as mentioned above so that he can understand from Table 2. The 
rate of the volume is set up to 60%, and 41 [ layer / 1st ] is formed with Powder b. The rate of the volume is set 
up to 60%, and 42 [ layer / 2nd ] is formed with Powder a. The rate of the volume is set up to 60%, and 43 
[ layer / 3rd ] is formed with Powder b. 

[0023] According to the test piece B, the laminated structure of the 1st layer of the 2nd layer of the 3rd layer of 
the porosity metal sintered compact 4 is carried out [ 41 ] to 43 with 42 like the test piece A so that he can 
understand from Table 2. The rate of the volume is set up to 60%, and 41 [ layer / 1st ] is formed with the 
powder a equivalent to 40% of rates of the volume, and the powder b equivalent to 20% of rates of the volume. 
In addition, when the volume of the composite-material part which takes the 1st layer for 41 as Powder a is 
equivalent to 40% of rates of the volume is made into 100%, the sintered compact part formed with Powder a 
means that 40% is occupied by the volume. 

[0024] The rate of the volume is set up to 60%, and 42 [ layer / 2nd ] is formed with Powder a. 43 [ layer / 3rd / 
layer / 1st ] is fundamentally [ as 41 ] the same, the rate of the volume is set up to 60%, and it is formed with the 
powder a equivalent to 40% of rates of the volume, and the powder b equivalent to 20% of rates of the volume. 
If it test-piece C Depends so that he can understand from Table 2, the number of porosity metal sintered 
compacts is one, and the rate of the volume is set up to 60%, and they are formed with Powder a. 
[0025] And using the predetermined metal powder shown in Table 1, weighing capacity of the lwt% was 
carried out for the zinc stearate as lubricant to metal powder, and they were mixed in the V shaped rotary mixer. 
Next, the powder of the specified quantity was put into the metal mold equipped with the cavity of 
30mmx40mm magnitude, and the green compact (10mm in 30mmx40mmx thickness) was created by 
pressurizing. 

[0026] In addition, the green compact of the three-tiered structure concerning the example A of a trial and the 
example B of a trial was manufactured by investing metal powder in the cavity of metal mold, and pressurizing 
it one by one. The powdered input was controlled to set 2mm and the thickness of the 2nd layer to 6mm in the 
thickness of the 1st layer, and the thickness of the 3rd layer, respectively at this time. And the green compact 
concerning the example A of a trial - the example C of a trial was sintered with the vacuum sintering furnace, 
respectively. That is, the porosity metal sintered compact concerning the example A of a trial of the shape of a 
skeleton which it holds for 30 minutes at 700 degrees C with a vacuum sintering furnace, and zinc stearate is 
volatilized, and sinters for 30 minutes at 1 100 degrees C after that, with has grids structure - the example C of a 
trial was obtained. 
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[0027] After sintering, forced OToling of each porosity metal sintered coT^act was carried out with nitrogen gas 
so that it might become 100-degree-C cooling rate for /. That is, gas cooling was carried out. In addition, 
nitrogen gas was used because antioxidizing of a porosity metal sintered compact etc. was taken into 
consideration. In this case, it is not desirable in a porosity metal sintered compact water cooling or to carry out 
oil quenching. It is because it is easy to make moisture and oil remain inside the pore of a porosity metal 
sintered compact, moisture and oil transpire when it sinks in and the molten metal of an aluminum containing 
alloy is compound-ized, and it is easy to induce a gas defect. 

[0028] Next, in 200 degrees C, the preheating of the porosity metal sintered compact concerning the example A 
of a trial - the example C of a trial was carried out for 30 minutes in the atmospheric-air ambient atmosphere, 
respectively. Then, each porosity metal sintered compact which carried out the preheating has been arranged in 
the predetermined location of the cavity of high-pressure-casting metal mold, the cavity was filled with the 
molten metal of a 750-degree C aluminum containing alloy (JISAC8A), and it pressurized with the welding 
pressure of 100MPa(s) immediately. Thereby, the molten metal of an aluminum containing alloy was infiltrated 
into the pore part of a skeleton-like porosity metal sintered compact. Both unify by solidification of an 
aluminum containing alloy, and metal sintered compact composite material (phi 100x50mm) is formed. This 
was taken out from metal mold. Thus, the cross section of metal sintered compact composite material which 
manufactured is shown in drawing 3 . 

[0029] Thus, after carrying out heating maintenance and carrying out solution treatment on the conditions of 
500 degree-Cx 3 hours into atmospheric air using the manufactured metal sintered compact composite material, 
about 70-degree C warm water was quenched. Then, heating maintenance of the metal sintered compact 
composite material was carried out on the conditions of 220 degree-Cx 3 hours into atmospheric air, and aging 
treatment was carried out (ASTM:T7 processing). The aluminum part of the composite-material section 2 and 
the aluminum part of the aluminum containing alloy section 3 are strengthened and stabilized by this aging 
treatment. 

[0030] Thus, it cut in one half so that the composite-material section 2 might expose the obtained metal sintered 
compact composite material. And the color check was carried out for the cutting plane, and the crack initiation 
situation in the interface of the composite-material section 2 and the aluminum containing alloy section 3 was 
investigated. In Table 2, Ox showed the result. In the test piece C, evaluation of crack initiation was x so that he 
could understand from Table 2. That is, red coloring was seen in the interface of the composite-material section 
2 and the aluminum containing alloy section 3, and it was checked that the crack had occurred. On the other 
hand, in the test piece A with which the porosity metal sintered compact 4 of a three-layer laminated structure is 
adopted, red coloring was not looked at at all by the interface of the composite-material section 2 and the 
aluminum containing alloy section 3, but it has checked to it that the crack had not occurred. 
[0031] Moreover, also in the test piece B with which the porosity metal sintered compact 4 of a three-layer 
laminated structure is adopted, like the example A of a trial, red coloring was not looked at at all by the 
interface of the composite-material section 2 and the aluminum containing alloy section 3, but it has checked to 
it that the crack had not occurred. The thermodilatometry test piece of the same quality of the material as each 
class of the composite-material section 2 used for the above-mentioned example A of a trial - the example C of 
a trial was formed, and the coefficient of thermal expansion was measured. The thermodilatometry test piece of 
the same quality of the material as the aluminum containing alloy section 3 was formed similarly, and the 
coefficient of thermal expansion was also measured. The result is also shown in Table 2. 
[0032] According to the test piece A, the coefficient of thermal expansion of the composite-material part which 
uses austenitic-stainless-steel powder as a base material and which takes the 1st layer for 41 is 18.4xl0-6/degree 
C so that he can understand from Table 2. The coefficient of thermal expansion of the composite-material part 
which uses 61 about SKD powder as a base material and which takes the 2nd layer for 42 is 14.5xl0-6/degree 
C. The 1st layer of coefficient of thermal expansion of the composite-material part which takes the 3rd layer for 
43 is 18.4xl0-6/degree C like the case of 41. In addition, coefficient of thermal expansion is measured in an 
ordinary temperature field -400 degree C temperature field. 

[0033] According to the test piece B, the coefficient of thermal expansion of the composite-material part to 
which the composite-material part to which the composite-material part which takes the 1st layer for 41 is 
15.4xl0-6/degree C, and requires the 2nd layer of coefficient of thermal expansion for 42 is 14.5xl0-6/degree 
C, and requires the 3rd layer of coefficient of thermal expansion for 43 was 15.4xl0-6/degree C so that he could 
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understand from Table 2. The^efficient of thermal expansion of the tes^Tece C which uses only 61 about 
SKD powder as a base material was 14.5xl0-6/degree C. 

[0034] That the crack occurred [ which was mentioned above ] in the test piece C like has the difference of the 
coefficient of thermal expansion of the composite-material section 2 and the aluminum containing alloy section 
3 as large as 5.5xl0-6/degree C (= 20.0x10-6-14.5x10-6), and it is imagined as what shearing force acted at the 
time of quenching, and the crack generated in the interface. Moreover, according to the test piece A, the 
difference of the coefficient of thermal expansion of the composite-material part of the composite-material 
section 2 which takes the 1st layer for 41, the composite-material part which takes the 3rd layer for 41, and the 
aluminum containing alloy section 3 is 1.6xl0-6/degree C (= 20.0x10-6-18.4x10-6). Moreover, since according 
to the test piece B it was 4.6x1 0-6/degree C (= 20.0x10-6-15.4x10-6) and a small value and the difference of 
coefficient of thermal expansion was less than [ 5. 0x1 0-6/degree C ], the crack was not generated in the 
interface. 

[0035] If the above result is taken into consideration and the differential thermal expansion of the composite- 
material section 2 and the aluminum containing alloy section 3 will be less than [ 5x1 0-6/degree C ], it turns out 
that the crack initiation of an interface can be prevented at the time of quenching. 
[0036] 
[Table 1] 
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[0037] 
[Table 2] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



6/7/2005 



JP,08-229663,A [DETAILED DESCRIPTION] 



Page 7 of 10 









**&2£7;V3£-& 

HP O C_ Or liij <*— "J 

xmSPfrD 




mm 


is 






A 


3JB 


1 


6 0 b 


18.4XHT' 






2 


6 0 a 


14.5XKT' 


O 






3 


6 0 b 


18.4XNT' 




B 




1 


4 0 a + 2 Ob 


15.4X10"' 






2 


6 0 a 


14.5X10-' 


O 






3 


4 0 a + 2 Ob 


15.4X10"' 




C 


IS 


1 


6 0 a 


14. 5X10" ' 


X 






20.0X10"' 





As an example D of the <example 2 of trial> trial, the porosity metal sintered compact 5 (7mm in the outer 
diameter of 92mm, the bore of 72mm, thickness) of the shape of a ring shown in drawing 4 was formed. The 
porosity metal sintered compact of the shape of this ring reaches 1st layer 51 as a base material side sintered 
compact layer which constitutes an outside layer, and is formed by 52 (thickness of 5mm) the 2nd layer the 1st 
layer with 53 (thickness of 1mm) the 3rd layer as 51 and a sliding side sintered compact layer pinched by 53 the 
3rd layer. 

[0038] According to the test piece D, the rate of the volume is set up to 60%, and 51 [ layer / 1st ] is formed 
with the powder a equivalent to 30% of rates of the volume, and the powder c equivalent to 30% of rates of the 
volume so that he can understand from Table 3. When the composite-material part of a porosity metal sintered 
compact which takes the 1st layer for 51 is made into 100 volume % like the above-mentioned here for Powder 
a to be equivalent to 30% of rates of the volume, the sintered compact part which consists of powder a means 
that it occupies 30%. The rate of the volume is set up to 63%, and 52 [ layer / 2nd ] is formed with the powder a 
equivalent to 60% of rates of the volume, and the powder d which corresponds to 3%. 53 [ layer / 3rd / layer / 
1st ] is fundamentally [ as 51 ] the same, the rate of the volume is set up to 60%, and it is formed with the 
powder a equivalent to 30% of rates of the volume, and the powder c equivalent to 30% of rates of the volume. 
[0039] since 52 [ layer / 2nd ] is formed with the mixed powder of powder equivalent to SKD61, and the 
mullite powder (about 1400 to 1500 to 1600 Hv) which forms a ceramic hard particle so that he can understand 
from Table 2 — the property of abrasion resistance, reinforcement, and an elastic modulus — outside 1st — layer 
51 - and the 3rd layer is superior to 53. Next, after carrying out the preheating of the porosity metal sintered 
compact shown in above-mentioned drawing 4 on the conditions for 300 degree-Cx 30 minutes, it has arranged 
to correspond to the top ring slot location of the cavities of the high-pressure-casting metal mold for pistons, 
and the 760-degree C aluminum containing alloy (JIS AC8A) molten metal was poured out, it pressurized with 
the welding pressure of about 100 MPa(s), and the piston 7 (refer to drawing 5 ) was formed by high pressure 
casting. The piston 7 consists of the composite-material section 2 equipped with piston head 7k while forming 
the subject of a piston 7, and the aluminum containing alloy section 3 which covers this composite-material 
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section 2 so that he can undef3!!fid from drawing 5 . A diesel system intSfffal combustion engine may be 
equipped with this piston 7, and a gasoline system internal combustion engine may be equipped with it. 
[0040] The thermodilatometry test piece of the same quality of the material as the composite-material section 2 
used for the above-mentioned test piece D was formed, and the coefficient of thermal expansion was measured. 
The result is also shown in Table 3. According to the test piece D, the coefficient of thermal expansion of the 
composite-material part to which the composite-material part to which the composite-material part which takes 
the 1st layer for 51 is 16.7xl0-6/degree C, and requires the 2nd layer of coefficient of thermal expansion for 52 
is 14.1xl0-6/degree C, and requires the 3rd layer of coefficient of thermal expansion for 53 was 16.7x10- 
6/degree C so that he could understand from Table 3. 

[0041] Therefore, the 1st layer, in radial [ of a piston 7 ] (R> drawing 5 5 reference), i.e., arrow-head XI 
direction, the difference of 51, and the coefficient of thermal expansion of a composite-material part and the 
coefficient of thermal expansion of the aluminum containing alloy section 3 which takes the 3rd layer for 53 
becomes (20.0xlO-6/degree-C)-(16.7xlO-6/degree C) =3.3xl0-6/degree C, and is quite small. Solution-ized -> 
quenching -> aging was heat-treated on the same conditions as the above-mentioned using the piston 7 
manufactured as mentioned above, respectively. And the composite-material part which takes the 2nd layer for 
52 was machined, and the ring groove 55 was formed. Top-face 55x and inferior-surface-of-tongue 55y and 
side-face 55z which divide a ring groove 55 constitute the top ring as the piston ring, and the sliding surface 
which slides. 

[0042] In such an example D of a trial, when the crack existence in the interface of the composite-material 
section 2 and the aluminum containing alloy section 3 was investigated by the color check, crack initiation was 
not seen. Since the cavernous section 70 of a piston 7 is generally sprayed in cooling agents, such as oil, in case 
it is used with an internal combustion engine, inside 70i which divides the cavernous section 70 of a piston 7 is 
cooled in oil. In addition, the ring groove where, as for 75, a second ring is equipped, and 76 show the ring 
groove where the oil ring is equipped. Direct cutting of the ring grooves 75 and 76 is carried out to a piston 7, 
and they are formed. 
[0043] 
[Table 3] 
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In addition, the 1st layer of the 1st layer of the successive formation layer 59 which formed the inner 
circumference sides of 53 successively the 3rd layer may be formed the inner circumference side of 51 like the 
gestalt shown in drawing 6 with 51 or the quality of the material as 53 with the 3rd same layer. In this case, it is 
advantageous to bringing the coefficient of thermal expansion of the successive formation layer 59 close to the 
coefficient of thermal expansion of the aluminum containing alloy of a piston 7. 

[0044] furthermore, the 1st which constitutes the porosity metal sintered compact 5 shown in drawing 4 - layer 
51 and the 2nd - layer 52 and the metal powder which forms 53 [ layer / 3rd ] - an inclination presentation - 
the cavity of metal mold - loading -- the 1st - layer 51 - 53 [ layer / 3rd ] may be considered as an inclination 
presentation, and the 2nd layer may be made 52 and for this to bring coefficient of thermal expansion close to 
the aluminum containing alloy of a piston 7 in inclination. 
(Other gestalten) 
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O Although an aluminum confiming alloy is poured in and the light met^roase material section is formed in the 
above-mentioned example, the presentation of an aluminum containing alloy may not be limited to the above- 
mentioned thing, and the thing of other quality of the materials may be used for it. Furthermore, it replaces with 
an aluminum containing alloy, the alloy of Mg system is poured in, and the light metal base material section 
may be formed. Moreover, although the porosity metal sintered compact of 3 layer structures is adopted in the 
above-mentioned example, not only according to this but an application, two-layer, four layers, five layers, etc. 
are sufficient. 

O According to the trial of this invention person, the porosity metal sintered compacts 4 and 5 with which 
sinking-in solidification of the aluminum containing alloy is carried out have big effect on the antiseizure 
property in a sliding surface again. Then, it is desirable to set to about 200 to 800 Hv the degree of hardness (the 
2nd layer which forms the sliding surface as which sliding properties, such as an antiseizure property, are 
requested especially degree of hardness of 42 and 52) of the porosity metal sintered compacts 4 and 5 with 
micro Vickers hardness. 

[0045] Even if it will be the case where it is used under a severe environment like when service temperature is 
high (for example, 250-300 degrees C) if it is made this appearance Since the grids structure of the skeleton-like 
porosity metal sintered compacts 4 and 5 is maintained good even if the degree of hardness of light metals, such 
as aluminum which sank into the pore of the porosity metal sintered compacts 4 and 5, and magnesium, falls, 
The softened light metal can be held firmly, and printing in a sliding surface can be mitigated and avoided. 
[0046] In less than 200 Hv, the reinforcement as porosity metal sintered compacts 4 and 5 is not enough, and 
becomes easy to carry out plastic flow with a light metal in a sliding surface, and the field dry-area condition by 
printing is easy to be generated here. Moreover, if Hv800 is exceeded, the machinability of the composite- 
material section 2 will fall. In addition, although the upper limit and lower limit of a degree of hardness of the 
porosity metal sintered compacts 4 and 5 are suitably chosen according to operating environments, such as a 
class of metal sintered compact composite material, and service temperature, etc., the upper limit of a degree of 
hardness is made to 750,700,650,600, and the lower limit of a degree of hardness is made to 250, 300, and 350. 
[0047] As metal powder which constitutes such porosity metal sintered compacts 4 and 5, the SKD system 
mentioned above, a SKH system, and a Fe-Mn steel system are mentioned. 

O 45 - 85% of the rate of the porosity metal sintered compacts 4 and 5 occupied in the composite-material 
section 2 is desirable at the rate of the volume. It is because a certain amount of rate of the volume is needed in 
order for the grid part of the porosity metal sintered compacts 4 and 5 to hold a light metal good. 
[0048] In addition, according to the application of metal sintered compact composite material etc., the upper 
limit of the rate of the volume which the porosity metal sintered compacts 4 and 5 occupy is made to 80%, 75%, 
and 70%, and the lower limit of the rate of the volume is made to 50% and 55%. 

O A hard fibre and a hard particle can also be included inside the above-mentioned porosity metal sintered 
compacts 4 and 5 (42 the 2nd layer which forms the sliding surface as which a sliding property is requested 
especially 52). A hard fibre and a hard particle have a 2000 or less-Hv desirable thing at micro Vickers 
hardness. If Hv2000 is exceeded, the partner aggression is too strong, and although the hard fibre and hard 
particle which dropped out of the sliding surface are bit and crowded in a sliding surface and damage a sliding 
surface, if it is a 2000 or less-Hv thing, extent of a dry area will be stopped. 

[0049] The upper limit of the degree of hardness of a hard particle or a hard fibre is made to 1900, 1800, and 
1700 grades, and the lower limit of a degree of hardness is made to the 400,500,600th grade. The FeCr particle 
(about 1700 Hv), FeMo particle (about 1400 Hv), and FeCrC particle (about 800 Hv) other than the mullite 
particle described above as such a hard particle are employable. 

[0050] In addition, although the mean particle diameter of a hard particle can be chosen suitably, about 3-50 
micrometers is especially made to about 4-30 micrometers. Although the diameter of average fiber of a hard 
fibre can be chosen suitably, about 0.5-15 micrometers is especially made to about 1-7 micrometers. 
O In consideration of the above-mentioned point, that in which C contains in 0.1 to 8%, and Cr contains 8.0% - 
70.0% by weight % is employable as metal powder which forms a sliding surface and which forms 42 and 52 
especially as metal powder which forms the porosity metal sintered compacts 4 and 5. [ layer / 2nd ] As metal 
powder, that in which C contains [ at least one sort of Mo, V, W, and Co ] in 2.0% to 20.0% 0.1 to 3%, and Cr 
contains 0.3 - 30% by weight % is employable. 

[0051] For example, the above-mentioned iron system powder equivalent to SKD61 and iron system powder 
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still more nearly equivalent U^^Dll are employable. In addition, the ^^presentation of SKD11 is weight 
%, and, for Cr, Mo is [ C / Si / Mn / V ] 0.8% 1% 12% 0.4% 0.4% 1.5%. If gas cooling (for example, gas 
cooling by nitrogen gas etc., air quenching) is carried out after sintering the green compact of metal powder and 
forming the porosity metal sintered compacts 4 and 5, if it is this range, the degree of hardness of the above- 
mentioned range will be easy to be secured, namely, the degree of hardness of the porosity metal sintered 
compacts 4 and 5 will tend to secure the field of Hv 200-800. Therefore, even if it carries out sinking-in 
solidification of the molten metal of a light metal 600 degrees C or more after that, there is no superfluous 
softening of the porosity metal sintered compacts 4 and 5, and it can secure an antiseizure property. 
[0052] (Additional remark) The following technical thought can also be grasped from the above-mentioned 
example. 

O Metal sintered compact composite material of a base material side sintered compact layer according to claim 
2 which sets up the thickness of a sliding side sintered compact layer thickly rather than the thickness of **** 
further. 

O Metal sintered compact composite material according to claim 2 which the laminating of a base material side 
sintered compact layer and the sliding side sintered compact layer is carried out, and forms the sliding section in 
one end of the direction of a laminating, and the direction which intersects perpendicularly. 
O A porosity metal sintered compact is a metal sintered compact composite material according to claim 1 which 
is ring format or a flatbed gestalt. 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



6/7/2005 



JP,08-229663,A [DRAWINGS] 



Page 1 of 2 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 



* NOTICES * 




1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DRAWINGS 




1 : $7Lff4f*&&{* 

2 : 




[Drawing 51 
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